Abstract. Chemokines are believed to play a crucial role in local immunoresponse by regulating leukocyte movement in various tissues, including the intestinal mucosa. It has been suggested that they are key players in cancer biology, and several studies have identified leukocyte infiltration as a hallmark of most cancers. The chemokines CCL17 and CCL22 attract CCR4-bearing cells, which are especially polarised to Th2-type cells and regulatory T cells (Treg). Recent studies have revealed the participation of the CCL17 and CCL22 proteins in diseases such as atopic dermatitis and lymphoma. The purpose of this study was to assess the role of CCL17 and CCL22 protein expression in colorectal cancer (CRC) and to ascertain whether an association exists between promoter -431C>T CCL17 and -961G>A CCL22 gene polymorphisms in CRC versus non-CRC subjects. Using the ELISA assay, we noted a significantly higher expression of CCL22 in tumour tissue with a 2.3-fold up-regulation (tumour vs. paired normal tissue, n=78) but no significant difference in CCL17 protein expression. Immunohistochemistry revealed protein expression of CCL22 and CCL17 in the epithelial compartment of cancer tissue, in epithelial cells at the resection border that reflects normal tissue, and in some stromal cells such as lymphocytes, macrophages, and fibroblasts. Using a TaqMan system we screened for -431C>T CCL17 and -961G>A CCL22 gene variants in 245 CRC patients and 256 controls, but could not find any significant difference in genotype distribution or in allelic frequencies between the two groups. The genotype and allelic distributions of CRC patients were not related to tissue levels of CCL17 and CCL22 protein, and none of the variables were associated with plasma levels or clinical characteristics. To ascertain whether the tissue expression of CCL17 and CCL22 exerts an influence on the pathogenesis of CRC, a forthcoming study on the 5-year survival rate of CRC patients will be conducted.
Introduction
Chemokines are chemotactic cytokines that participate in the migration of various types of inflammatory cells and play an important role in the local immunoregulation of various tissues, including the intestinal mucosa (1) (2) (3) . In general, chemokines are thought to be key players in cancer biology (4) . Studies have demonstrated that leukocyte infiltration is a hallmark of most cancers (5-7) and promotes and regulates tumour growth, including metastasis and angiogenesis (8, 9) . T cell infiltration has been shown to be associated with a favourable prognosis in colorectal cancer (CRC) (10, 11) .
The chemokines CCL17 and CCL22 have been the subject of immunogene therapy studies in murine models of colon carcinoma (12) . The chemokine CCL17, also referred to as TARC (thymus-and activation-regulated chemokine), is a member of the CC chemokine group that is expressed in the thymus, dendritic cells, endothelial cells, colon tissue, keratinocytes and fibroblasts (13) (14) (15) (16) (17) . Moreover, CCL17 is a ligand for CC chemokine receptor 4 (CCR4) and attracts CCR4 + cells (18, 19) . It has been suggested that CCR4 is especially polarised to Th2-type cells (19) (20) (21) and that these cells produce anti-inflammatory cytokines such as IL-4, IL-5, IL-10 and IL-13 (20, 21) . CCR4 is also expressed on regulatory T cells (Treg), which play an important role in maintaining immune balance and have been detected in peripheral blood from humans (22, 23) .
Another ligand for CCR4 is CCL22, also named MDC (macrophage-derived chemokine), which is expressed in macrophages, dendritic cells, B cells, intestinal epithelial cells and colon tissue, and thereby serves to recruit CCR4-expressing cells (16, 18, 19, 24, 25) . A study has shown that CCL22, but not CCL17, mRNA was elevated in colon cancer tissues compared to non-neoplastic colon tissues, and that CCR4 transcripts were weakly detected in some colon cancer tissues (26) .
A single nucleotide polymorphism (SNP) of the CCL17 gene, located in the promoter region as a C'T change at position -431 (rs223828), has been reported (27) . This SNP has been shown to enhance the promoter activity of the CCL17 (28, 29) . The SNPs of the CCL22 gene have been identified and one of them, -961G>A (rs223888), is located in the 5'-flanking region (27) . However, its functional significance is as yet unknown. Both CCL17 and CCL22 are members of the chemokine gene cluster (CCL22, CX3CL1, CCL17) located on chromosome 16 (27) . Based on the documented importance of chemokines as important actors in cancer biology and the maintenance of normal local immunity, we performed an investigation of CCL17 and CCL22 protein expression in CRC patients. Moreover, we investigated the influence of the CCL17 and CCL22 gene variants on CRC.
Materials and methods
Patients and controls. Blood samples were obtained from 245 patients from southeastern Sweden who underwent surgical resections for primary colorectal adenocarcinomas at the Department of Surgery, Ryhov County Hospital, Jönköping, Sweden. This patient group comprised 124 males and 121 females with a mean age of 70 years (range 29-93). The tumours were localised in the colon (n=123) and rectum (n=122) and were classified according to Dukes' classification system: stage A (n=47), stage B (n=102), stage C (n=82) and stage D (n=14). Blood donors (n=256) from Ryhov County Hospital with no known CRC history and from the same geographical region as the CRC patients were selected as the controls. This control group consisted of 136 males and 120 females with a mean age of 67 years (range 50-93).
Plasma samples. Of the CRC patients, 71 were available for plasma collection. Patient blood was collected before surgery and all blood -including samples from 101 controls -was separated by centrifugation within 1 h. Plasma was removed and stored at -70˚C. The CRC patient group comprised 39 males and 32 females with a mean age of 69 years (range 29-88). The patient tumours were categorised according to Dukes' classification: stage A (n=16), stage B (n=29), stage C (n=24) and stage D (n=2). Thirty-six tumours were located in the rectum and 35 in the colon.
Tissue samples and lysates. Tissue samples available from the CRC patients were used. The tumours and matched normal mucosa used for CCL17 analysis included 42 males and 36 females and were classified according to Dukes' classification system: stage A (n=17), stage B (n=31), stage C (n=27) and stage D (n=3). The tumours were localised in the colon (n=38) and rectum (n=40). The tumours and matched normal mucosa used for CCL22 analysis included 40 males and 38 females and were classified according to Dukes' classification system: stage A (n=15), stage B (n=29), stage C (n=26) and stage D (n=8). The tumours were localised in the colon (n=38) and rectum (n=40).
Tumour tissue and adjacent normal mucosa (~5 cm from the tumour) from each patient were excised and immediately frozen at -70˚C until analysis.
Frozen tumour tissue and normal mucosa were thawed, homogenised in ice-cold lysis buffer containing PBS (9.1 mM dibasic sodium phosphate, 1.7 mM monobasic sodium phosphate, 150 mM NaCl, pH 7.4) and 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulphate (SDS), 100 μg/ml phenylmethylsulphonyl flouride (PMSF), 2 μg/ml aprotinin, 1 mM sodium orthovanadate and 1 μg/ml leupeptin. The lysate was placed on ice for 30 min and then centrifuged at 13,000 x g for 10 min. The protein content of the supernatant fluid was determined for each sample using the Bradford protein assay (Bio-Rad Laboratories, UK).
CCL17 and CCL22 by ELISA. CCL17 and CCL22 were measured in plasma and tissue using an established commercially available enzyme-linked immunosorbent (ELISA) Kit (R&D Systems Europe, UK) following the manufacturer's instructions. The plasma CCL17 and CCL22 levels of CRC patients were expressed as picograms per millilitre (pg/ml), and the tissue levels of CCL17 and CCL22 from the tumour and paired normal tissue were expressed as picograms per milligram (pg/mg) of protein.
Immunohistochemistry. Twelve tumour samples were available for immunohistochemical staining to study the cell type origin of CCL17 and CCL22 expression. Staining was performed using a standard protocol on 4-μm sections from formalinfixed paraffin-embedded tissue blocks. Endogenous peroxidase activity was quenched by treatment with 3% hydrogen peroxide for 5 min. Sections were subsequently incubated with a primary goat anti-human monoclonal CCL17 antibody (R&D Systems Europe) and with a primary rabbit anti-human polyclonal CCL22 antibody (PeproTech, NJ, USA) at the appropriate dilution for 4 h at room temperature. After rinsing in Tris-buffered saline, sections were incubated with a secondary biotin0ylated antibody; horse anti-goat IgG (Immunkemi, Sweden) for CCL17 and goat anti-rabbit IgG (Immunkemi) for CCL22. Avidin-biotin peroxidase complexes (Dako Cytomation, Denmark) were added followed by visualization with 3,3'-diaminobenzidine tetrahydrochloride (Dako Cytomation). All sections were counterstained with Mayer's hematoxylin (Histolab Products AB, Sweden). As negative controls, the primary antibodies were replaced by an isotype control IgG.
Genotyping of the CCL17 and CCL22 polymorphisms. All blood was stored frozen until DNA was extracted using the QiaAmp DNA Blood Kit (Qiagen, CA, USA). DNA samples were genotyped using the 5'-exonuclease allelic discrimination assay (Applied Biosystems, CA, USA). TaqMan SNP Genotyping assays were used for analysis of the rs223828 (CCL17) and rs223888 (CCL22) genotype, respectively (Applied Biosystems). DNA (10 ng) was amplified in a total volume of 12 μl containing 1X TaqMan Universal PCR Master Mix (Applied Biosystems) including 1X TaqMan SNP Genotyping assay. Amplification was performed by an initial cycle of 50˚C for 2 min then 95˚C for 10 min, followed by 40 cycles at 95˚C for 15 sec and 60˚C for 1 min. A post-PCR endpoint plate reading was performed on each plate using the 7500 Fast Real-Time PCR System (Applied Biosystems). The manual calling option in the allelic discrimination application ABI PRISM 7500 SDS software version 1.3.1 was then used to assign genotypes.
Statistical analysis. Differences in the frequencies of the CCL17 and CCL22 polymorphisms between CRC patients and the control group and between clinical data within the CRC subgroup were analysed using the χ 2 test, and the HardyWeinberg equilibrium was tested for all polymorphisms. Differences in the CCL17 and CCL22 protein expression of tumour and normal paired tissues were examined by the Wilcoxon signed rank test, and correlation coefficients were determined using the Spearman's rank correlation test. Statistical analysis was performed using the SPSS for Windows computer package (rel. 14.0, 2005; SPSS Inc., Chicago, IL, USA). Results were considered significant at p<0.05.
Results

Levels of CCL17 and CCL22 in colorectal tissue and plasma.
In order to investigate the potential role played by CCL17 and CCL22 as tumour markers, we measured the concentrations of the two in the plasma and protein lysates of colorectal cancerous tissues and matched normal tissues from 78 CRC patients using ELISA. No difference was seen in the levels of CCL17 protein in cancer tissue (median 4.2 pg/mg; range 0.3-23.5 pg/mg) in comparison with paired normal tissue (median 4.2 pg/mg; range 0.1-44.8 pg/mg) (Fig. 1) . However, the levels of CCL22 protein in cancer tissue (median 49.6 pg/mg; range 4.1-461 pg/mg) showed a significant (p<0.0001) 2.3-fold up-regulation in comparison with paired normal tissue (median 21.2 pg/mg; range 2.6-461 pg/mg) (Fig. 1) . Assessing the relative expression (tumour vs. normal tissue) showed that 82% (64/78) of the cases were upregulated. Tissues from 66 of the CRC patients were available for determination and comparison of both CCL17 and CCL22 protein levels, respectively. We noted that the protein levels of CCL17 and CCL22 in cancerous tissue were significantly correlated (r=0.59, p<0.001). The same was observed in normal tissue (r=0.58, p<0.001) (Fig. 2) . Plasma levels of CCL17 and CCL22 were lower in CRC patients than in control subjects (data not shown). Levels of CCL17 and CCL22 protein in all the analysed tissue samples from CRC patients were not associated with plasma levels or clinical characteristics such as gender, location and Dukes' stage, nor were the plasma levels of CCL17 and CCL22 protein (data not shown).
Immunohistochemical findings. Immunohistochemistry was performed in order to detect the location of CCL17 and CCL22 protein expression. Heterogenous immunoreactivity was evident mainly in the epithelial compartment of cancer tissue and in epithelial cells at the resection border that reflects normal tissue (Fig. 3) . We also detected immunoreactivity localised in some stromal cells with the morphological characteristics of lymphocytes, macrophages, fibroblasts and, probably, dendritic cells. No staining was observed when an isotypic IgG antibody was used as a negative control. CCL17 and CCL22 polymorphism. To analyse whether an association exists for promoter -431C>T CCL17 and -961G>A CCL22 gene polymorphisms between CRC patients and controls, we used a TaqMan allelic discrimination system. There was no significant difference in genotype distribution or in allelic frequencies between CRC patients and control subjects (Table I) . However, there was a trend (p=0.055) towards deviation in CCL22 genotype distribution between CRC patients and controls. Furthermore, we found seven combined genotypes, but no significant difference in combined genotype distribution between CRC patients and control subjects (Table II) .
Genotype and allelic distributions in CRC patients were not associated with clinical characteristics such as location, Dukes' stage (Table III) , gender, plasma or the tissue levels of CCL17 and CCL22 (data not shown). All genotype distributions were in Hardy-Weinberg equilibrium.
Discussion
Chemokines play an important role in local immunoregulation by regulating leukocyte movement in different tissues, including the intestinal mucosa (1-3). Chemokines are thought to be key players in cancer biology (4) , and studies have demonstrated that leukocyte infiltration is an important characteristic of most cancers (5-7) that promotes and regulates tumour growth, including metastasis and angiogenesis (8, 9) .
The chemokines CCL17 and CCL22 attract CCR4-bearing cells, in particular Th2-type cells (19) (20) (21) and regulatory Tregs (22, 23) . Recent studies have revealed the participation of the CCL17 and CCL22 proteins in diseases such as atopic dermatitis (30) and lymphoma (31) . It has been reported that mRNA expression of CCL17 and CCL22 may have an impact on CRC (26). Table I . Genotypes and allele frequencies expressed as % (n) of the single nucleotide polymorphisms of CCL17 and CCL22 genes in CRC patients and controls. 
-----------------------------------------------------------------------------------------------------
CRC Control CRC Control Genotype (n=245) (n=256) Allele (n=490
alleles) (n=512 alleles) -----------------------------------------------------------------------------------------------------CCL17 (-431C>T
CRC patients versus controls: CCL17 genotypes, overall p=0.301; CCL17 alleles, p=0.854; CCL22 genotypes, overall p=0.055; CCL22 alleles, p=0.291.
Considerable attention has been focused on the identification of biomarkers that reflect tumour progression. However, little is known regarding the protein levels of CCL17 and CCL22 in CRC patients. In the current study, we determined the levels of CCL17 and CCL22 protein in plasma, cancer tissue and paired normal tissue from CRC patients. A significantly higher expression of CCL22 in tumour tissue with a 2.3-fold up-regulation (tumour vs. normal tissue) was noted. No significant difference regarding CCL17 protein expression was observed between cancer and normal paired tissue, and the levels of CCL22 and CCL17 protein in analysed tissue samples from CRC patients were not associated with plasma levels or clinical characteristics.
Moreover, to identify the cellular source and localization of CCL17 and CCL22 protein, we used immunohistochemistry and found immunoreactivity in the epithelial compartment of cancer tissue and in epithelial cells at the resection border that reflects normal tissue, and also in some stromal cells such as lymphocytes, macrophages and fibroblasts.
Our results may confirm the finding of Musha et al (26) that, in a limited number of cases (n=5), a higher gene expression of CCL22 but not of CCL17 was exhibited in colon cancer compared to non-neoplastic colon. Our study showed that neither CCL17 nor CCL22 seem to be useful clinical markers regarding the relationship between plasma or tissue levels and clinical characteristics. However, in a forthcoming study it would be informative to investigate the influence of the tissue levels of CCL22 protein on the 5-year survival rate of CRC patients. Notably, we demonstrated that the protein levels of CCL17 and CCL22, respectively, in cancerous tissue and in normal tissue, were significantly correlated. One may speculate that the two chemokines are regulated to maintain a local immunological balance in colorectal tissue, but in cancerous tissue a different pathway promotes the protein expression of CCL22. However, the biological significance of the difference remains unknown and the underlying mechanisms unclear.
Both the -431C>T and -961G>A SNP are located in the promoter region of the CCL17 and CCL22 gene, respectively Table II . Distribution of combined genotypes expressed as % (n) of the -431C>T CCL17 and -961G>A CCL22 gene polymorphisms in CRC patients and controls. 
CRC patients versus controls, overall p=0.308.
- Table III . Genotype and allele numbers of the -431C>T CCL17 and -961G>A CCL22 gene polymorphisms regarding location and Dukes' stage in CRC patients. 
a Colon versus rectum: CCL17 alleles, p=0.838; CCL22 alleles, p=0.086.
b Dukes' stages A and B versus C and D: CCL17 alleles, p=0.476; CCL22 alleles, p=0.348. (27) , and the CCL17 gene variant -431C>T was previously described as having a functional consequence on serum levels (28, 29) . We therefore investigated the prevalence of these gene polymorphisms in CRC patients and control subjects. This, to our knowledge, has not been performed before. Our data showed that genotype distribution and allelic frequencies were not significantly associated with CRC compared to control subjects. However, a trend (p=0.055) towards a difference in the genotype distribution of the -961G>A SNP of CCL22 was found. We were also unable to detect any association between the genotype and plasma or tissue concentration of CCL17 and CCL22 proteins in CRC patients.
The role of chemokines in tumour biology is complex. They play an important role in local immunoregulation by the attraction and guidance of leukocytes, leading to antitumour immunity or contributing to the growth and spread of the tumour (1-9). T cell infiltration has been shown to be associated with a favourable prognosis in CRC (10,11). Berin et al reported that CCL17 and CCL22 expression in intestinal cells appears to differ between different mucosal sites and that CCL22, but not CCL17, is produced by intestinal epithelial cells in response to pro-inflammatory cytokines (25) . This diversity may explain their divergent functions, and may reflect our finding of the differential expression of CCL17 and CCL22 in CRC. Since CCL17 and CCL22 signal through CCR4, they can act as chemoattractants for Th2 CD4 + T-cell-mediated immunity (19) (20) (21) . CCR4 is also expressed on Tregs, which play an important role in maintaining immune balance and have been detected in the peripheral blood of humans (22, 23) . Tregs are known to be a potent inhibitor of the antitumour immune response (32) . Recently, a study on CRC patients found that the amount of Tregs was significantly higher in CRC than in the normal colon (33) . Thus a functional consequence of our finding, that CCL22 protein expression is increased in CRC, could be a higher infiltration of Tregs implicating a tumour immune evasion strategy.
To the best of our knowledge, this is the first report on the influence of CCL17 and CCL22 gene variants and their protein expression in a large scale study regarding human CRC. The results of this study, however, demonstrated that these gene variants are not associated with susceptibility to CRC. To ascertain whether the tissue expression of CCL17 and CCL22 exerts an influence on the pathogenesis of CRC, a forthcoming study on the 5-year survival rate of CRC patients will be conducted.
